Abstract. Stability enhancement of protein-loaded chitosan microparticles under storage was investigated. Chitosan glutamate at 35 kDa and bovine serum albumin as model protein drug were used in this study. The chitosan microparticles were prepared by ionotropic gelation, and polyethylene glycol 200 (PEG 200) was applied after the formation of the particles. All chitosan microparticles were kept at 25°C for 28 days. A comparison was made between those preparations with PEG 200 and without PEG 200. The changes in the physicochemical properties of the microparticles such as size, zeta potential, pH, and percent loading capacity were investigated after 0, 3, 7, 14, and 28 days of storage. It was found that the stability decreased upon storage and the aggregation of microparticles could be observed for both preparations. The reduction in the zeta potential and the increase in the pH, size, and loading capacity were observed when they were kept at a longer period. The significant change of those preparations without PEG 200 was evident after 7 days of storage whereas those with PEG 200 underwent smaller changes with enhanced stability after 28 days of storage. Therefore, this investigation gave valuable information on the stability enhancement of the microparticles. Hence, enhanced stability of chitosan glutamate microparticles for the delivery of protein could be achieved by the application of PEG 200.
INTRODUCTION
Microparticles and nanoparticles have been widely studied for the delivery of macromolecular drugs, such as peptides, proteins, and genes, due to their ability to protect the labile drugs from enzymatic degradation (1) and the ability of permeability through the gastrointestinal membrane (1) (2) (3) (4) (5) . There are several techniques for the preparation of a carrier for drug delivery system. One of the most popularly used techniques is ionic cross-linking (6) (7) (8) (9) (10) because it is simple to prepare and a wide range of polymer can be used. Chitosan is a polymer of choice due to biodegradation, mucoadhesion, and the ability of opening tight junctions (5, (11) (12) (13) . Chitosan microparticles are formed by ionic crosslinking between the positive charges of the amino groups of chitosan and the negative charges of tripolyphosphate ions (TPP; [6] [7] [8] [9] [10] . In general, the chitosan base is used for drug delivery and a lot of work has been performed on microparticles prepared with chitosan base. Chitosan base is soluble in mild acids, such as acetic acid, citric acid, and glutamic acid, while chitosan salt is soluble in water, which can be an advantage in pharmaceutical processing for encapsulation of therapeutic proteins. From our previous study, protein-loaded microparticles could be prepared from chitosan salts. The higher encapsulation and release could be obtained from chitosan salts in comparison to chitosan base. The molecular weight of chitosan tended to affect their particles sizes and encapsulation efficiency. The smaller size was obtained from chitosan with a lower molecular weight (10) .
Though microparticles have been widely studied, the problem of stability still remained unsolved. The microparticles tended to aggregate and lose their stability after a certain period of storage (14) . The larger size and the change in the zeta potential were observed after 28 days of storage. It was found that the larger size was related to the change in pH of the chitosan solution. The stability of the microparticles could be due to the electrostatic charge of particles. The repulsion forces of the particles were attributed to the stability of small particles. The reduction of electrostatic charge until a certain extent could lead to the aggregation (15) . Several studies were investigated to modify the surface charges of the microparticles in order to prevent opsonization or interactions with macrophages (16, 17) . In general, polyethyelene glycol (PEG) has been employed as a particle coating for the surface modification. In addition, PEG and PEGylation have been studied for the improvement of gene delivery system (18) . However, the application of PEG to stabilize the chitosan microparticles upon storage as a result of the aggregation has been paid less attention and has never been thoroughly clarified. Therefore, the objective of this work was to enhance the stability of protein-loaded chitosan microparticles with the application of PEG 200. Chitosan glutamate at 35 kDa was chosen in this study as it had the higher encapsulation and release than the other salt and 35 kDa gave the lowest size which had a higher tendency to aggregate than the larger size obtained from the chitosan with a higher molecular weight. The effect of PEG 200 on the physicochemical properties of chitosan microparticles upon storage was explored to obtain insight information on the stability enhancement of protein-loaded chitosan microparticles. A comparison was made between the formulation with and without the application of PEG 200.
MATERIALS AND METHODS

Materials
Chitosan 35 kDa with 85% degree of deacetylation was purchased from Seafresh Chitosan Lab. Co. (Bangkok, Thailand). Bovine serum albumin (BSA) was from Sigma (St. Louis, Missouri, USA). Glutamic acid was from Fluka (Switzerland). Sodium tripolyphosphate (TPP) and PEG 200 were obtained from Fluka (Switzerland), and other reagents were all of analytical grade.
Preparation of Chitosan Glutamate
Chitosan glutamate was prepared by dissolving chitosan base in glutamic acid solutions. A minimum amount of glutamic acid was calculated as optimum to give an exact clear solution in order to avoid the excess glutamic acid. Hence, the calculated molar ratio of glucosamine and glutamic acids was 1:1 mole. The chitosan glutamate solution was then spray-dried by a spray dryer (Labquip SD06 Spray Dryer, England) with an inlet temperature of 125°C and a spraying rate of 6 ml/min.
Preparation of Chitosan Microparticles and BSA-Loaded Microparticles
Chitosan microparticles were prepared by ionotropic gelation with negatively charged TPP ions according to a previously reported procedure (10) . An optimum concentration of chitosan and TPP was required to form suspended particles. The concentrations of chitosan and TPP were 0.4% w/v and 0.1% w/v, respectively. The microparticles were prepared by drop-wise addition of 5 ml of 0.1% w/v TPP in water to 10 ml of chitosan glutamate solution with stirring at 1,000 rpm (Corning Stirrer, USA). The microparticles were stirred for 30 min prior to further study. BSA-loaded microparticles were formed by the addition of 1 ml of BSA solution to the chitosan solution prior to the incorporation of TPP solution. The concentrations of BSA were 0, 1, and 2 mg/ml. After the formation of the microparticles, 1 ml of PEG 200 was added. All the samples (with and without PEG 200) were then kept at 25°C for a period of 28 days for stability study. A comparison was made between both preparations (chitosan microparticles with and without PEG 200). All the samples were evaluated for their particle size, zeta potential, pH, and percent loading capacity (LC). All parameters were detected after 0, 3, 7, 14, and 28 days.
Particle Size Measurement
The diameter of the microparticles was detected by the method of light diffraction (Horiba L 950, Japan). All analyses were performed in triplicate.
Zeta Potential Measurement
The zeta potential of the samples was measured at 25°C by a Brookhaven Zeta plus 90 (USA).
Determination of BSA-Loading Capacity of Microparticles
The percent loading capacity (%LC) of all microparticles was determined by high speed centrifugation at 20,000×g and 25°C for 30 min (Heraeus, Germany). The amount of BSA from the clear supernatant was detected by spectrophotometry according to the Lowry method (19) . The LC of BSA was calculated using as the following equation and was performed with triplicate batches of samples.
% LC ¼
Total amount of BSA À Free amount of BSA from supernatant ð Þ Â 100 Weight of the microparticles ð1Þ
Fourier Transforms Infrared Spectroscopy
Transmission infrared spectra of the chitosan microparticles with PEG 200 and without PEG 200 after 0, 7, 14, and 28 days were measured by the KBr method using a Fourier transform infrared spectrophotometer (model Magna-IR system 750, Nicolet Biomedical Inc., USA). The prepared samples were dried under vacuum and mixed with KBr. The mixture was compressed into a disk. Spectral scanning was performed in the range between 4,000 and 400 cm −1 .
Microscopy
The chitosan microparticles were dropped onto a microslide plate and covered with a slid. The picture was then taken by an inverted microscope (model Eclipse TE2000-S, Japan) after 0, 7, and 28 days for preparations with and without PEG 200.
Statistical Analysis
Data were expressed as the mean±standard deviation. The statistical analysis was carried out using analysis of variance at the 0.01 significant levels.
RESULTS AND DISCUSSION
Nanoparticles and microparticles were successfully prepared from chitosan glutamate by the method of ionotropic gelation as described in our previous report (10) . The ionic bond formation between the amino group of chitosan glutamate and TPP was confirmed by IR spectroscopy. Figure 1 shows the IR spectra of TPP, BSA, chitosan glutamate, chitosan microparticles, and BSA-loaded chitosan microparticles. BSA gave absorption bands in the amide I (∼1,650 cm ) due to C=O stretching vibration. Chitosan glutamate showed a broad peak between 1,640 and 1,539 cm −1 which were attributed to the N-H bending of NH 3 + whereas chitosan microparticles exhibited a sharp peak around 1,654 and 1,539 cm
indicating the formation of the microparticles. Therefore, the peaks at 1,654 and 1,539 cm −1 could be an indicator for electrostatic bond formation. The result was in agreement with the work of Xu and Du (6) which found that the peak of -NH 2 bending was shifted due to the electrostatic force between TPP and the ammonium group of the chitosan. The BSA-loaded chitosan microparticles also showed a peak similar to blank microparticles. The result was in accordance with the work of Sarmento et al. (14) which found a similar pattern for blank particles and insulin-loaded nanoparticles.
From our previous study, a smaller size was obtained from chitosan of low molecular weight because chitosan of higher molecular weight was more viscous in solution and the amino groups of the chitosan could become less accessible for TPP interaction in a viscous environment. Therefore, chitosan at 35 kDa was chosen in this study for the stability study as the smaller size tended to aggregate more than the larger size due to a higher surface area. Table I shows the effect of storage time on the particle size of the chitosan microparticle with and without PEG 200. The size of blank chitosan particles for those with and without PEG 200 was 65.02± 11.84 and 50.41±1.16 μm, respectively. The addition of PEG 200 gave a slightly larger size for blank chitosan microparticles due to the coating effect of PEG 200 on the microparticles (20) . The incorporation of BSA at 1 and 2 mg/ml showed a smaller size for both preparations. The smaller size could be due to the negative charge of BSA causing a tighter bonding between the amino groups of the chitosan and the carboxylic groups of BSA. The storage time had an influence on the particle size. Upon storage, all the microparticles tended to increase in the size. However, for those without BSA and PEG, the decrease in size was found after 7 days of storage and gradually increased on longer time of storage. The change in size was dependent on the change in the environment of microstructure. After a certain period of storage, the change in the size was observed for both preparations, i.e., after 7 and 28 days of storage for those without and with PEG, respectively. For those without PEG, the size of 1 and 2 mg/ml BSA-loaded microparticles increased from about 14 μm to be 27 and 35 μm, respectively, after 7 days of storage whereas for those with PEG 200 remained constant for 14 days of storage. However, the tremendous increase in size (p<0.01) could be observed after 28 days of storage for those with PEG 200 at all concentrations of BSA. The significant increase in size was related to the aggregation and was confirmed by the photographs in Fig. 2 . The aggregation could be seen after 7 days of storage for those without PEG 200 and 28 days for those with PEG 200. The individual single particles were still visible for the preparation with PEG 200 after 7 days of storage. Therefore, the addition of PEG 200 could prove to prolong the change in the particle size. This was the result of the steric hindrance of PEG 200, which could possibly protect the particles from aggregation. The zeta potential of the blank chitosan microparticles with and without PEG 200 was +40 and +43 mV, respectively. The addition of PEG 200 tended to lower the zeta potential. This may be due to the ability of the OH group of PEG 200 to counter the positive charge of the chitosan. Wu et al. (20) found that the increase in PEG concentration led to the decrease of the positive charge of chitosan nanoparticles. Figure 3 shows the effect of storage time on the zeta potential and pH for preparation without (a) and with PEG 200 (b). The positive charge of the particles was attributed to an unoccupied amine group of the chitosan. The addition of BSA resulted in a decrease in the zeta potential due to the load of negatively charged BSA causing the bonding between (21) which found that the zeta potential decreased as the BSA concentration increased. The longer the time of storage, the lower in the zeta potential was reported for all preparations, which was in accordance with the increase in size. The zeta potential was reduced such that the particles could come closer and a larger size was obtained.
The reduction of the zeta potential was from positive charges to the less positive charges for all preparations. For those without PEG 200 after 7 days of storage, the charge of particles loaded with BSA 2 mg/ml was reduced from +34 mV to be +8 mV while those with PEG 200 was reduced from +32 mV to be +26 mV. A similar incident was observed for 1 mg/ml BSA-loaded particles. The higher positive charge of those with PEG 200 was attributed to the higher protection from aggregation due to the steric hindrance effect. The BSAloaded particles reached neutrality after 14 days of storage compared with 10 days of storage for those without PEG 200. The result was similar to those in a number of reports which found that the stabilization of the particles was due to the electrostatic nature of the chitosan particles (14, 15, (22) (23) (24) . They found that the particles started to aggregate and lose their entity as the surface charge of the colloidal system approached neutrality. At neutral or lower charge, the electrostatic repulsion of the microparticles decreased, thereby increasing the probability of aggregation. Sarmento et al. (14) found that insulin-loaded chitosan nanoparticles changed in size and zeta potential due to the aggregation after 28 days of storage. The change in the zeta potential might be due to the more occupied amine group as a result of prolonged association time with BSA. The reduction in the zeta potential was also in accordance with the increase in pH for both preparations. The longer the storage time, the higher pH was found for all preparations and the change was statistically significant after 28 days of storage (p<0.01). The increase in pH was a result of an increase in pH of the chitosan itself upon storage leading to the change in the structure of the microparticles. The structure change was reported in the work of Tsai et al. (25) and was subject to change with different environment condition such as pH and ionic strength of the solutions.
From the current study, the higher change in pH was reported for those preparations without PEG 200. The pH of 2 mg/ml BSA-loaded microparticles with PEG 200 increased from 5.28 to be 7.37, whereas those without PEG 200 increased from 5.24 to be 7.76 after 14 days of storage. A similar trend of change was observed for 0 and 1 mg/ml BSAloaded particles. The increase in pH was also associated with the increase in size and the decreased zeta potential upon storage which was in agreement with another work (26) which found that the significant changes were observed between pH 6.4 and 7.0 where the size increased 50 times and the zeta potential changed from +30 to ±2.1 mV. At pH beyond the pKa of the chitosan (pKa=6.3), it was in the unprotonated form and the chitosan was insoluble at this pH; the aggregation was then obtained. The sharp increase in size at pH>6 suggested that the degree of protonization at the surface of the particles was reduced, decreasing the electrostatic repulsion between the particles thereby increasing the probability of particle aggregation. The result was in accordance with the work of Gan et al. (15) which found that the larger size was due to the aggregation of the particles. Table II shows the effect of storage time on %LC for both preparations. The higher LC was obtained for the chitosan with PEG 200. The PEG 200 might entrap BSA leading to the higher LC. The result was not in agreement with other reports (6, 20) as PEGs of different molecular weights (PEG 20000 and 2000) were used in their studies. The PEGs with higher molecular weights hinder BSA encapsulation. At a lower pH in the vicinity of the isoelectric point of the protein (PI=4.7), BSA still remained in a compact 3D structure and less spread on the chitosan chain. Protein molecule attachment did not sufficiently suppress the positive charge (27) . Therefore, the higher positive charge of the chitosan was obtained on the first day of both preparations. However, at higher pH upon storage, BSA underwent expansion, leading to a higher interaction with the amino group and greater reduction of the positive charge of the chitosan resulting in the higher LC (27) . In addition, the higher LC was attributed to the longer association time with BSA and hence, the higher interaction between BSA and the chitosan. The work was in agreement with the other researchers (22, 23) which reported the significant changes in the zeta potential and particle size at the isoelectirc point of the chitosan and the aggregation occurred. The significant increase in LC was reported after 28 days (p<0.01) consistent with the changes in other properties such as size, pH, and zeta potential. The result was similar to the work of Gan and Wang (27) and Alsarra et al. (28) which found that the LC of peptides was dependent on the pH, with a consequential effect on increased negative surface charge of the protein which enhanced the electrostatic interaction between the chitosan and BSA molecules. The significant change (p<0.01) of all parameters after 28 days such as size, pH, zeta potential, and LC were in accordance with the IR spectra as shown in Fig. 4 where the N-H bending was shifted from 1,539 to 1,592 cm −1 after 28 days for both preparations. Therefore, it could be concluded that the storage time had an influence on the physicochemical properties of the chitosan microparticles. The higher extent of change was reported for the chitosan microparticles without PEG 200. Therefore, the addition of PEG 200 has been proved to enhance the stability of proteinloaded chitosan microparticles due to the steric hindrance effect.
CONCLUSIONS
The stability of chitosan microparticles was the drawback factor for applying them as a carrier for protein or peptide drug delivery system. The aggregation was often reported after longer periods of storage. In this study, the instability of the microparticles was observed after 1-week storage as indicated by the significant changes in the physicochemical properties of the microparticles such as size, pH, zeta potential, loading capacity, and chemical structure, and hence, the aggregation occurred. The stability of the microparticles was attributed to the electrostatic charge of the particles causing them to remain individual particles. The application of PEG 200 resulted in smaller changes in the physicochemical properties. The stabilization of PEG 200 could be due to the steric hindrance effect of PEG 200. This study, therefore, contributes to a deeper understanding of the stability enhancement of protein-loaded chitosan microparticles. Therefore, chitosan glutamate microparticles could be prepared and employed as a potential carrier of protein by the ionotropic gelation process. In addition, the understanding of the stability enhancement of the microparticles will be useful information for stabilization of nanoparticles. However, the drastic change exhibited after 28 days of storage for all preparations would require further studies to prolong their stability.
